Motivation. Preliminaries
Finitely listed covering projections are relatively simple objects and can be given by purely algebraic methods. In algebraic geometry finitely listed coverings correspond to étale morphisms [19] , in noncommutative geometry they correspond to Hopf-Galois extensions [12] . However generalization of infinitely listed covering projection is more difficult and requires a good topology. Algebraic geometry does not have this generalization of infinitely listed covering projections because Zariski, étale or another specific to algebraic geometry topology is not quite good for this purpose. Topology of C * -algebras is finer, and can describe Hausdorff spaces. Many mathematical problems can be solved by applications of inverse limits, such that an infinite object is obtained by an inverse limit of finite ones. An inverse limit of the sequence
where f (z) = z p is a p-adic solenoid X [23] . The space X is connected, but it is not locally connected. Finer topology on X makes a space X which is locally connected but disconnected. A connected component of X is R. This construction is not interesting but its noncommutative generalization supplies interesting noncommutative C * -algebras. We shall supply a noncommutative generalization of this result. Gelfand-Naȋmark theorem [1] states the correspondence between locally compact Hausdorff topological spaces and commutative C * -algebras.
Theorem 1.1. [1] (Gelfand-Naȋmark)
. Let A be a commutative C * -algebra and let X be the spectrum of A. There is the natural * -isomorphism γ : A → C 0 (X ).
So any (noncommutative) C * -algebra may be regarded as a generalized (noncommutative) locally compact Hausdorff topological space. But * -homomorphisms are not good analogs of continuous maps, because there is no a * -homomorphism ϕ such that ϕ corresponds to a map from a non-compact topological space to a compact one. However there are infinitely listed covering projections X → X such that X (resp. X ) is non-compact (resp. compact). A good analog of a continuous map is a C * -correspondence [13] given by a following definition Definition 1.2. [13] An A-B-correspondence X is a right Hilbert B-module together with a * -homomorphism φ X : A → L (X), where L (X) is a C * -algebra of adjointable Bendomorphisms of X. We shall denote the correspondence by A X B . Remark 1.3. If X → X is an infinitely listed covering then there is not a natural *-homomorphism C 0 (X ) → C 0 ( X ). However there is a natural C 0 ( X )-C 0 (X ) correspondence C 0 ( X ) X C 0 (X ) . This fact is proven in section 5.
Here I shall informally explain the idea. Above sequence can be extended
Roughly speaking there is a sequence of homomorphisms
Indeed there is no natural homomorphism C(S 1 ) → C 0 (R), there is a correspondence 
These functions cannot represent any nontrivial function in C 0 (R). But C 0 (R) can be represented by a Fourier transform
where f ∈ L 1 (R). However Fourier transform can be regarded as series (1) with infinitesimally small coefficients. Indeed we shall consider a dependent on n ∈ N series ∑ q∈Q a n q e 2πiqξ (2) such that a n q → 0; ∑ q∈Q a n q e 2πiqξ → f (ξ); as n → ∞,
i.e. a n q can be regarded as in infinitesimally small coefficients.
This article assumes elementary knowledge of following subjects:
1. Set theory [10] , 2. Category theory [23] , 3 . Algebraic topology [23] , 4 . C * -algebras, C * -Hilbert modules and K-theory [3, 13, 22] .
The terms "set", "family" and "collection" are synonyms. In this article consider locally compact Hausdorff spaces only. So we shall say a "topological space" (resp. "compact space" ) instead "locally compact Hausdorff space" (resp. "compact Hausdorff space") Following table contains a list of special symbols.
Symbol Meaning
A + Unitization of C * − algebra A A Spectrum of C * -algebra A with the hull-kernel topology (or Jacobson topology)
Algebra of bounded operators on Hilbert space H C (resp. R)
Field of complex (resp. real) numbers C(X ) C * -algebra of continuous complex valued functions on a space X C 0 (X ) C * -algebra of continuous complex valued functions on a topological space X equal to 0 at infinity
Algebra of continuous complex valued functions on a topological space X with compact support
C * -algebra of bounded continuous complex valued functions on a topological space X G( X |X )
Group of covering transformations of covering projection X → X [23] 
The n × n matrix algebra over C * − algebra A N A set of positive integer numbers N 0 A set of nonnegative integer numbers
Unitary subgroup of general linear group Z Ring of integers
.. be infinite sequence of groups and epimorphisms, and let G be a group with epimorpisms h n : G → G n . The sequence is said to be coherent if ker h n is trivial and a following diagram is commutative.
Henceforth {x ι } ι∈I means a set indexed by finite or countable set I of indexes.
Topology
We shall consider second-countable [21] locally compact Hausdorff spaces only. 
Hilbert modules
We refer to [13] for definition of Hilbert C * -modules, or simply Hilbert modules. For any ξ, ζ ∈ X A let us define an A-endomorphism θ ξ,ζ given by θ ξ,ζ (η) = ξ ζ, η X A where η ∈ X A . Operator θ ξ,ζ shall be denoted by ξ ζ. Norm completion of algebra generated by operators θ ξ,ζ is said to be an algebra of compact operators K(X A ). We suppose that there is a left action of K(X A ) on X A which is A-linear, i.e. action of K(X A ) commutes with action of A.
Strong and/or weak extension
In this section we follow to [22] . Definition 1.9. [22] Let A be a C * -algebra. The strict topology on M(A) is the topology generated by seminorms |||x||| a = ax + xa , (a ∈ A). If x ∈ M(A) and sequence of partial sums ∑ n i=1 a i (n = 1, 2, ...), (a i ∈ A) tends to x in strict topology then we shall write 
and this tends strongly, hence weakly to zero by spectral theory. It follows that {u n } is strongly convergent to an element u ∈ M 
Coactions of Hopf algebras
The Hopf-Galois theory supplies a good noncommutative generalization of finite covering projections. Let us recall some notions of Hopf-Galois theory. Following subsection is in fact a citation of [6] . 
Let H be a Hopf algebra over the commutative ring C, with bijective antipode S. We use the Sweedler notation [15] for the comultiplication on H : 
The formulas for the unit and counit of (F 2 , G 2 ) are similar. Consider the canonical maps It is well-known that can is an isomorphism if and only if can ′ is an isomorphism.
Actions of finite groups
Let G be a finite group. A set H = Map(G, C) has a natural structure of commutative Hopf algebra (See [12] ). Addition (resp. multiplication) on H is pointwise addition (resp. pointwise multiplication). Let δ g ∈ H, (g ∈ G) be such that
i.e.
Equations (9), (10) are equivalent to following conditions of group action
Any element x ∈ A ⊗ H can be represented as following sum
From (15) it follows that A coH = A G , where A G = {a ∈ A : ga = a; ∀g ∈ G} is an algebra of invariants. There is a bijective natural map
From (15) it follows that (11) can be represented in terms of group action by following way
There is the unique map can G :
From bijection of (16) it follows that can is bijective if and only is can G is bijective, i.e.
Definition 1.20. Let G be a finite group. Suppose that H = Map(G, C) and H has a natural structure of Hopf algebra. Any H-Galois extension A → B is said to be G-Galois extension.
Remark 1.21. From 1.18 it follows that injective homomorphism A → B is G-Galois if and only if following conditions hold
1. B is a finitely generated projective module.
A-G homomorphism can
is an isomorphism.
Following lemma is an analogue of result described in [20] . 
are equivalent.
Proof.
It is clear that elements a 1 , ..., a n , b 1 , ..., b n satisfy conditions (20).
2. <= Let us enumerate elements of G, i.e G = {g 1 , ..., g |G| }. a 1 , ..., a n , b 1 , ..., b n satisfy conditions (20) , and let be f ∈ Map(G, A) be any map from G to A, and let
From (20) , it follows that f = can G (x) So can G is map onto.
Noncommutative finite covering projections
A substantial feature of topological algebras is an existence of limits. Following definition is a topological generalization of lemma 1.22 conditions. Definition 2.1. Let π : A → A be a *-homomorphism of C * -algebras, and let G be a finite group such that
• G acts on A by *-automorphisms and A G = A.
• A is a finitely generated projective left and right A-module.
• There is a finite or countable set I and indexed by I subsets
where sum of the series means strict convergence [3] .
Then π is said to be a finite noncommutative covering projection, G is said to be a covering transformation group. Denote by G( A|A) = G. Algebra A is said to be a covering algebra, and A is called a base algebra of the covering projection. A triple A, A, G is also said to be a noncommutative finite covering projection.
Lemma 2.2. If A, A, G , A, A, G are noncommutative finite covering projections then there is a natural finite noncommutative covering projection A, A, G such that there is following exact sequence
Proof. Since A is a finitely generated and projective
and therefore
So there is an epimorphism h : G → G, it is clear that ker h = G. Let I and I be finite or countable and {a ι } ι∈I ,
If I = I × I and for any ι = (ι, ι)
In result we have
Example 2.3. A finite covering projections of the S 1 .
There is an universal covering projection
For any i ∈ {1, 2} the set
is open, connected and evenly covered.
and
. If e 1 , e 2 are given by
then
If e i ∈ C 0 (R) are given by
where n · − means a natural action of
It is well known that X n ≈ S 1 but we use the X n notion for clarity. There is a sequence of covering projections R
.
So a natural *-homomorphism π :
is a finitely generated projective left and right C(S 1 )-module. So a triple C 0 (S 1 ), C 0 (X n ), Z n is a finite noncommutative covering projection.
Remark 2.4.
It is a special case of the lemma 5.5. But notation of the above example shall be used below.
Example 2.5. A finite covering projection of a noncommutative torus. A noncommutative torus [24]
A θ is a C * -algebra generated by two unitary elements
Let π : A θ → A θ ′ be a *-homomorphism such that
If {e m ι } ι∈I m and {e n ι } ι∈I n be given by (29) then from (30) it follows that
then from (33) it follows that
From above equations it follows that
Otherwise A θ ′ ≈ A mn θ as right and left A θ module, and
Example 2.6. Boring example Let A (resp. G) be any unital C * -algebra (resp. finite group.). Let A = ⊕ g∈G A g where A g ≈ A for any g ∈ G. Let 1 A g ∈ G be the unity of A g . Then A is a finitely generated left and right A-module. Action of G is given by g 1 A g 2 = A g 1 g 2 . We have
So a triple A, ⊕ g∈G A g , G is a finite noncommutative covering projection. This example is boring because it does not reflects properties of A and because this projection can be constructed for any finite group. 
Topological construction
This section is devoted to topological construction of infinitely listed covering projection from finitely listed ones. Let X be a second-countable [21] locally compact Hausdorff space, and let
be a sequence of finitely listed covering projections. Let {G n = G (X n |X )} n∈N be groups of covering transformations. Let X = lim ← − X n , G = lim ← − G n be inverse limits. The group G has a topology defined by subgroups of finite index [19] . Let G be a discrete group isomorphic to G. For any x ∈ X let φ x : G → X be given by g → gx. We define a space X as a set X with final topology [4] such that the identical map Id : X → X , and maps ϕ x for any x ∈ X are continuous. Action of G on X is free and properly discontinuous, so there is a natural regular covering projection π : X → X . Let X be a connected component of X , and let G ⊂ G be a maximal subgroup such that
For any g ∈ G a subgroup gGg −1 satisfies to (37), i.e. gGg −1 = G, and therefore G is a normal subgroup. Any connected component of a covering space is also a covering space. So π = π| X : X → X is a covering projection and X ≈ X /G, i.e. X → X is a regular covering projection.
Any covering space can be represented as a union of fundamental domains.
2. 
2.
(gp)p = 0 for any nontrivial g ∈ G.
Instead fundamental domains we shall consider a partitions of unity described in 5.3. 
There is a unique map ϕ : X → Y such that ϕ(x) = ϕ U ι (x) for any U ι and x ∈ U ι . Then ϕ is said to be a gluing of ϕ U ι ι∈I .
Noncommutative infinite covering projections
This section is concerned with a noncommutative generalization of the described in the section 3 construction. Let
be a sequence of *-homomorphisms which correspond to irreducible noncommutative finite covering projections and let G n = G(A n |A) be covering transformations groups, where (n ∈ N 0 ). For any n ∈ N there are natural group epimorphisms h n : 
4.2.
Algebras {A n } n∈N 0 are finitely generated projective Hilbert A-modules with sesquilinear form given by
From (43) it follows that there A n can be decomposed to a direct sum of orthogonal Hilbert A-modules
i.e. a, p A n = 0 for any a ∈ A n−1 , p ∈ P n . Definition 4.3. The sequence {a n ∈ A n } n∈N 0 such that
2.
A sequence { a n , a n A n } n∈N is norm convergent as n → ∞
is said to be coherent. 
4.5.
Let X ′ be a free right A-module generated by coherent sequences and let us define sesquilinear A-valued form on X ′ such that {a n }, {b n } X ′ = lim n→∞ a n , b n A n . Let I = {x ∈ X ′ | x, x X ′ = 0} and let X ′′ = X ′ /I. There is a norm on X ′′ given by x = x, x X ′′ . Let X A be a norm completion of X ′′ . Then X A is a Hilbert A-module and G = lim ← − G n . naturally acts on X A . If sequences {a n } , {b n } satisfy (44), (45) and
i.e. X A is a countable direct sum of countable set finitely generated Hilbert A-modules
so X A is countably generated.
Definition 4.6. Any coherent sequence {a n ∈ A n } n∈N 0 naturally defines an unique element ξ ∈ X A . We say that ξ is represented by {a n ∈ A n } n∈N 0 , and we shall write ξ = Rep ({a n ∈ A n } n∈N 0 ).
4.7.
The module X A is a A n -left module ∀n ∈ N, so K X A is a A n -left module ∀n ∈ N. Let A ⊂ K X A be a maximal subalgebra such that A commutes with A n for any n ∈ N. G naturally acts of A. Any algebra is a direct sum of irreducible algebras. Suppose
then both a = ξ ξ and a ′ = η η commute with A n for any n ∈ N. Otherwise a ∈ A, a ′ ∈ A ′ and therefore aa ′ = 0. However if ξ, η = 0 then aa ′ = 0. So ξ, η X A = 0. Since subset of represented by coherent sequences elements is dense in X A we have ξ,
set of representatives of G/G then A can be represented as a direct sum algebras
Definition 4.8. Let (42) be a sequence of irreducible C * -algebras. In described above situation a C * -algebra A (resp. A) is said to be a base (resp. covering) algebra of the sequence (42) A C * -algebra A (resp. Hilbert A-module X A ) is said to be a disconnected algebra (resp. disconnected module) of sequence (42). The G is said to be a disconnected group of the sequence (42 
Remark 4.10.
Since A X A is countable generated because X A is countable generated. Proof. If η, ζ ∈ X A are given by η = Rep {b n ∈ A n } n∈N 0 , ζ = Rep {c n ∈ A n } n∈N 0 then from definition follows that
If a m ∈ K X A is given by
where 
in sense of strict topology.
Proof. From lemma 4.11 it follows that for any η, ζ ∈ X A following condition hold.
From follows (48), (49) it follows that for any η, ζ ∈ X A following condition hold η, 
Commutative case
Here we shall provide purely algebraic analogue of provided in the section 3. Let
be a sequence of finitely listed normal covering projections, and let G n = {G (X n |X n )} n∈N be groups of covering transformations. Let denote G = lim ← − G n , X = lim ← − X , and let X (resp. G) be a space (resp. a group) described in section 3. There is a natural (disconnected) covering projection π : X → X . Let X ⊂ X be a connected component. According to section 3 there is a normal subgroup G ⊂ G such that G X = X and subset J ∈ G of G representatives such that X = g∈G g X . A restriction π = π| X is a regular covering projection π : X → X and X ≈ X /G. Definition 5.1. The space X is said to be a disconnected covering space of the sequence (50), and the space X is said to be a connected covering space of the sequence (50).
Definition 5.2. Let π : X → X be a regular topological covering projection such that a group G = G X |X of covering transformations is countable. Then there is a Hilbert C 0 (X )-module
with sesquilinear form given by
We say that L 2 X X is an associated with π : X → X Hilbert C 0 (X )-module. U i is evenly covered by π
3.
is said to be a fundamental domain of X → X . For any ι ∈ I let us select a single U ι ⊂ X which is mapped homeomorphically onto U ι . The set U ι ⊂ X ι∈I is said to be a basis of the fundamental domain. 
5.4.
and if e ι is given by
For any ι ∈ I let us select a single U ι ⊂ X such that π U ι = U ι . If e ι is such that 
→ X is a topological finitely listed covering projection then there is a noncommutative finite covering projection C
Proof. We can suppose that X = X n and G( X |X ) = G n . It is known [16] that C 0 (X n ) is a finite projective C 0 (X )-module. If I ′ = I × G n and e ι ′ =(g,ι) = ge n ι then from (59) it follows that
is not trivial .
From lemma 5.5 it follows that
is a sequence of noncommutative covering projections. There is noncommutative covering projection C 0 (X ), A, A X C 0 (X ) , G of the sequence (60). The sequences given by Λ ι = {e n ι ∈ C 0 (X n )} n∈N are coherent for any ι ∈ I. If X C 0 (X ) is a coherent with (60) Hilbert
satisfies conditions of corollary 4.12. Therefore if Ξ = {ξ ι } ι∈I then a linear span of GΞC 0 (X ) is dense in X C 0 (X ) .
Theorem 5.7. Let X be a locally compact second countable topological space and
is an infinite set of finite noncommutative covering projections which corresponds to a the sequence (50) of connected topological covering projections.
be a noncommutative infinite covering projection of the sequence (62).
Then there is a regular connected topological covering projection π : X → X such that
Proof. Let X C 0 (X ) be a disconnected module of the sequence (62). Let X be a disconnected covering space of the sequence (50) with a natural covering projections π : X → X , π n : X → X n . Let {U ι ⊂ X } ι∈I be a fundamental domain of π, and let U ι ⊂ X ι∈I be its basis. If x ∈ X is any point then there is an open connected neighborhood V ∋ x, such that there is a pair (ι, g) ∈ I × G such that V ⊂ gU ι . There is a homeomorphism π| gU ι : gU ι → U ι . Let φ ∈ C 0 (X ) be such that following condition hold
Let φ n ∈ C 0 (X n ) be such that
The sequence {φ n } n∈N 0 is coherent, and let
by (61) then from 5.6 it follows that a linear span of
If x ∈ X is such that ζ, gξ ι X C 0 (X ) (x) = 0 then there is the unique x ∈ gU ι such that π(x) = x and therefore α(ζ)(x) = 0. It means that α is injective and can be included into following composition of bijections
Let {ϕ n } n∈N 0 , {φ n } n∈N 0 be sequences which satisfies the condition (64). It is clear that
Let U , V ⊂ X be relatively compact subsets such that
Let ϕ, φ ∈ C c (X ) be such that ϕ(x) = 0 for any x / ∈ U , and φ(x) = 0 for any
From (66), (68) if follows that
From (51) and (69)
Denote by π : X → X a covering projection given by a restriction π = π| X . Let U ⊂ X be an open relatively compact set such that π| U : U → π(U ) is a homeomorphism and ϕ ∈ C c X is such that ϕ( x) = 0 for any x / ∈ U . Then ϕ ∈ L 2 X X and a compact operator ϕ ϕ ∈ K A X C 0 (X ) which corresponds to product by function ϕ * ϕ ∈ C c ( X ). For any n ∈ N 0 this operator commutes with action of C 0 (X n ). Norm completion of such operators coincides with
If
are strong completions and p ∈ C 0 ( X ) ′′ ⊂ K( X ) ′′ is a fundamental projector of X → X then from (40), (41) it follows that
We would like to show that any a ∈ A satisfies condition
If not then there are g 1 , g 2 ∈ G such that
i.e. a does not commute with A N and therefore if a commutes with any A n then a can be represented as (71). From (71) it follows that for any a ∈ A satisfies following equality
where a g ∈ C 0 (X ) ′′ is given by
From (72) it follows that a ∈ C 0 ( X ) ′′ . From this fact it follows that
From (70) and (73) it follows that A = C 0 X . Lemma 5.8. Let π : X → X be a regular topological covering projection by a connected set X such that a group G = G X |X of covering transformations is countable, i.e. X ≈ X /G. Let
There is a following sequence of *-homomorphisms
Proof. If X is a disconnected covering space of the sequence (50), G is a disconnected group of (50) and
it follows that X ′ ≈ X and G ′ ≈ G because both X ′ and X are connected.
Remark 5.9. From theorem 5.7 and lemma 5.8 it follows that an infinite covering can be constructed algebraically.
6 Generated by multipliers extensions Denote by A{v} a generated by v extension. It is clear that v is a multiplier of A{v}. Number n is said to be the degree of the extension. 
which is a A-bimodule isomorphism. The isomorphism is given by 
Proof. sp(u) ⊂ C * since u is an unitary. Suppose z 0 ∈ C be such that z 0 / ∈ sp(u) and
There is a homotopy 
in sense of strict topology. Let {e n ι } ι∈I n be given by (29),
From A module isomorphism A{v} → A n it follows that A{v} is a finitely generated projective A module. So A → A{v} satisfies definition 2.1.
Example 6.9. Let C(u) = C(S 1 ) be an algebra from example 2.3. Any element ϕ ∈ C(S 1 ) corresponds to a periodic function ϕ R ∈ C b (R). Let u ∈ C(S 1 ) such that u corresponds to u R : R → C given by u R (x) = e ix ; x ∈ R. It is known [16] that 1. u is unitary;
2. A C-linear span of {u n } n∈Z is dense in C(S 1 ), i.e.
C(S
A finite noncommutative covering projection
Example 6.10. A noncommutative finite covering projection (A θ , A θ ′ , Z m × Z n ) given by example 2.5 can be constructed as composition of extensions generated by unitary ele-
Example 6.11. Reducible noncommutative covering projection. It is known that S 3 is homeomorphic to SU (2) , and
The group K 1 (C(SU(2))) is generated by unitary u ∈ U(C(SU(2) ⊗ M 2 (C)) such that u can be regarded as the natural inclusion map SU(2) ⊂ M 2 (C) and sp(u) = {z ∈ C | |z| = 1}. Let A be a continuous trace algebra given by A = C(SU(2)) ⊗ M 2 (C). Let µ be a n th -root of identity map, and v = µ(u). From lemma 6.8 it follows that (A, A{v}, Z n ) is a noncommutative finite covering projection. From [11] it follows that A{v} is a continuous trace algebra and A{v} →Â is a (topological) covering projection. SinceÂ ≈ S 3 and π 1 (S 3 ) = 0 it follows that all covering projections ofÂ are trivial, i.e. covering space is homeomorphic to a disconnected union of homeomorphic toÂ spaces
Above homeomorphism can be constructed explicitly. 
Infinite case
Let A be a σ-unital C * -algebra, and let u ∈ U(A + ) be such that
be a sequence of finite Z quotients. Let ϕ 1 , (resp. ϕ n ) be m th 1 (resp. m n m n−1 th for n > 1) root of identity. We have a following sequence of finite noncommutative covering projections
If u n ∈ A{(ϕ n • ...
• ϕ 1 )(u)} be such that
then the sequence (83) can be rewritten
Definition 6.12. If a sequence (84) is irreducible then a noncommutative infinite covering projection A, A, A X A , G of (84) is said to be generated by u. Denote by A{{u}} = A the C * -algebra of generated by u noncommutative infinite covering projection, and by A, A{{u}}, A{{u}} X A , G the generated by u noncommutative infinite covering projection.
Remark 6.13. An infinite sequence C(S 1 ) → C(S 1 ) → ... → can be regarded as specific case of 6.12. According to theorem 5.7 the quadruple C(S 1 ), C 0 (R), L 2 (R S 1 ) , Z is a noncommutative infinite covering projection generated by u, and C 0 (R) ≈ C(u){{u}} = C(S 1 ){{u}}.
Example 6.14. Let A θ be a noncommutative torus generated by unitaries u, v ∈ U (A θ ). It is known [24] 
. So u satisfies condition (81). In result we have a specific case of 6.12. In result we have a noncommutative infinite covering projection
Similarly we can construct another noncommutative covering projection
This construction can be regarded as composition of two noncommutative infinite covering projections. Let
be an infinite sequence of finite groups, and let {µ ′ k } k∈N , {ν ′ k } n∈N are given by
th root of identity i > 1 .
. We have a following sequence of finite noncommutative covering projections
) then the sequence (85) can be represented as
If e i (resp. e n i ) is defined by (26) (28) then any i, j ∈ {1, 2} following sequences does not depend on {µ m i } i∈N , {ν n i } i∈N .
Unparalleled Universes
Many constructions of this research are invariant for stable C * -algebras only. I think that stable C * -algebras only are related to physics. Different Morita equivalent algebras correspond to different description of the same physics [5, 24] . The invariant definition of differentiable manifold [18] requires a complete atlas which contains all maps. Similarly any stable algebra "contains" all Morita equivalent algebras. A Morita equivalence class of C * -algebra A can be invariantly represented by a single stable C * -algebra A ⊗ K whose subalgebras are all Morita equivalent algebras.
The Standard Model a la Connes-Lott implies a factorization
where F = C ∞ (M) is the algebra of (smooth, real or complex valued) functions over spacetime M, and A is a finite dimensional C-algebra. A commutative algebra F corresponds to spacetime, a noncommutative A corresponds to an internal space. There is a formula for angular momentum operator
where operators L and S are called the orbital and spin parts of the angular momentum. Operator L corresponds to angular transformations of a spatial function, i.e. it corresponds to transformations of F , operator S corresponds to internal transformations of A. Formula (90) means that external and internal spaces are not mutually independent. Independent consideration never corresponds to full physical reality. But a noncommutative torus does not accept the decomposition (89) since
i.e. the decomposition is not unique. This circumstance reflects that A θ is not unique, but a stable C * -algebra A θ ⊗ K is unique. The sequence (85) can be selected such that
i.e. lim k→∞ θ n 1 n 2 ....n k = 0. Action R × R on A θ supplies a definition of "slowly varying functions". If R > 0, ε > 0 ∈ R then an element a ∈ A θ is said to be (R, ε) slowly varying function if for any (x, y) ∈ R × R such that (x, y) < R following condition hold This result has a good physical interpretation. Slowly varying functions correspond to classical physics and therefore they are almost commutative. However if we consider A θ ⊗ M n (C) then following relation
does not tend to 0 as R → ∞ and ε → 0. It means that there is unparalleled Universe which is very noncommutative. Otherwise there are "particles" which are parallel to "unparalleled Universe" and are almost commutative with it. Otherwise (85) can be selected such that
and lim k→∞ θ k = 0. In this case we have a substantially noncommutative world. However we can select U, V ∈ M n such that
R → ∞ and ε → 0 The sequence
contains both (92) and (93). So there is a "physical" model in which Universe is described by A θ ⊗ K, which includes both the "almost commutative" (93) and the "very noncommutative" (93) sectors. Noncommutative space does not satisfy the principle of locality [14] , so "very noncommutative" sector is not observable. There are following kinds of physical factorizations
